We present a new predictive relation for horizontal peak ground acceleration and 5% damped pseudo-velocity response spectrum appropriate for predicting earthquake ground motions in extensional tectonic regimes. This new empirical relation, which we denote "Sea96," was originally derived by Spudich et al. (1996) as part of a project to estimate seismic hazard at the site of a proposed nuclear waste repository at Yucca Mountain, Nevada. Because of the length and relative inaccessibility of that report, we are briefly presenting the Sea96 relation and its derivation here.
ented approximately vertically and in two orthogonal horizontal directions. These terms are defined in McGarr and Gay (1978) . Aside from obvious evidence of areal expansion, such as contemporary geodetic measurements and in situ stress measurements, extensional regimes usually present some or all of the following features: a mixture of normalfaulting and strike-slip earthquakes (we included earthquakes having both of these mechanisms in this study), recent volcanism, aligned volcanic features, lithospheric thinning, and high heat flow.
There are two reasons for restricting our attention to ground motion data from earthquakes in extensional provinces. First, there is observational evidence that the state of stress, extensional or compressional, affects the amplitude of the ground motion from an earthquake (McGarr, 1984; Abrahamson, 1993; Boore et al., 1994; Campbell and Bozorgnia, 1994) . McGarr (1984) suggested that normalfaulting events have lower motions than strike-slip events. A second way in which the stress state might affect the recorded ground motion involves possible differences in wave propagation characteristics between extensional and compressional tectonic regimes. Extensional regimes have some degree of similarity in crustal structure worldwide. Christensen and Mooney (1995) report that extended crust and rifts have thinner crust and higher average crustal velocity gradients with depth than other continental crust. These factors might affect the geometric spreading of S waves, and they may affect the distances at which Moho reflections are observed. Mooney and Meissner (1992) state that in regions where the latest tectonic event was extensional, such as much of western Europe, the Basin and Range, and many passive margins, the lower crust tends to be highly reflective and the Moho tends to be nearly horizontal, generating readily observable Moho reflections.
Based on these considerations, the following groups of earthquakes were included in this study:
1. All earthquakes in Table 1 of Westaway and Smith (1989) , by virtue of their normal-faulting mechanisms. 2. Earthquakes in Europe, New Zealand, and Central America if either their focal mechanisms or neotectonic stress indicators indicated extensional regime classification. 3. Earthquakes in Turkey occurring along extensional offsets in the Anatolian fault system. 4. Western United States events associated with active tectonic extension, such as those in the Basin and Range province, the Yellowstone hot spot, the Salton trough, and in volcanically or geothermally active areas like Long Valley, California. All records used in this study were available digitally. We obtained the uncorrected digitized records from the data source and we sent them to a contractor (W. Silva, Pacific Engineering and Analysis) who performed the instrument correction and calculation of response spectra. For each response spectrum, we determined a passband in which the data were usable based on visual inspection of the Fourier amplitude spectra and the doubly-integrated displacements, and only data from within this band were used in the regression. We rejected records from structures of more than two stories height, from deeply embedded basements, or from instruments that triggered during the Swave. For each earthquake we retained records recorded at distances greater than the "cutoff distance," the distance beyond the first untriggered accelerograph.
Recording sites were classified into two geologic catagories, rock and soil, following the classification scheme of Joyner and Boore (1981) . We used the source-receiver distance metric of Boore (1981, 1988) , the shortest distance from the receiver to the vertical projection onto the Earth's surface of the fault rupture area. To determine this area, we first estimated the extent of the slipped region on the fault from ground motion inversions, geodetic inversions, aftershock distributions, or from a moment vs. rupture area relation (Wells and Coppersmith, 1994) . The boundary of the rupture area was then taken to be a rectangular box enclosing this slipped region on the fault plane. Two earthquakes presented special cases. First, the 1979 Imperial Valley earthquake ruptured both the Imperial and Brawley Faults. For each station we chose the shorter of the distances to the two faults. Second, the 1980 Irpinia earthquake was a multiple event in which a large subevent occurred 40 s after the initiation of the main shock. Since the ground motions for the 40-s-subevent were well-separated from those of the earlier subevent, the two were treated as separate earthquakes. Table 1 shows the records used and their site geologies and distances.
We have developed new ground-motion prediction equations for geometric mean peak horizontal acceleration and 5 % damped response for the extensional region strongmotion data set. We initially attempted to derive a new regression relation solely from our extensional regime data set using the computer programs used by Boore etal. (1993) , based on algorithms for the two-stage regression method described by Boore (1993, 1994) . For periods of 0.1 s and greater, the resulting relationship was satisfactory within the magnitude range covered by the extensional regime data set but was invalid when extrapolated to magnitudes 7.0 and larger. The main problem is that our extensional regime data set does not span a magnitude range that is wide enough to determine the coefficients of magnitude dependent terms accurately. Consequently, we were forced to discard our initial relationship.
In order to develop a relationship that would be valid for magnitude 7 and larger we adopted the magnitude dependence determined from a larger data set by Boore et al. (1993 Boore et al. ( , 1994 and used our extensional regime data set to constrain the distance and site dependent terms. At each period we formed the following residuals,
where Yi is the common logarithm of the extensional regime data set ground-motion values, b 2 and b 3 are the Boore et al. (1994) coefficients, and M is moment magnitude. We then used the two-stage regression method Boore, 1993, 1994) (1994) , F'ls 0 for rock sites and 1 for soil sites, and b 1, b 5, and b 6 are adjusted to fit the data. The resulting set of coefficients for 5% damped horizontal response was smoothed by fitting cubics or quadratics. Curves and calculated values for psv predicted from smoothed coefficients for a variety of magnitudes, distances, and site classes are given in Figure 1 and Table 2 .
The equations for the predictive relations follow. The terms 0.1 and % are the standard deviations of e r and E~ (Boore et al., 1993, equation 1) , which are respectively the record-to-record variation and the earthquake-to-earthquake variation in the residuals. Note that Table 3 contains a column for 0" 3 , which is the component standard deviation (i.e., it is 0.c in Boore etal., 1993, equation 3) . The term 0.3 is not used to define the standard deviation of the geometric mean, but is used to form the standard deviation of the randomly oriented horizontal component, which is
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The resultant Sea96 relation may be used in the 5.0-7.7 magnitude range and the 0-70 km distance range for extensional regime earthquakes. Although data at distances greater than 70 km were used to develop Sea96, those data are few and they tend to be overpredicted by Sea96. 
